
The HydroThe Hydro--
Potential (HP) Potential (HP) 
Value:Value:

A Rock Classification A Rock Classification 
Technique For Estimating Technique For Estimating 
Seepage Into ExcavationsSeepage Into Excavations

Bill GatesBill Gates



Excavations with Potential Excavations with Potential 
Seepage ProblemsSeepage Problems

TunnelsTunnels
DamsDams
MinesMines
RockslopesRockslopes
FoundationsFoundations



Tunnels Tunnels 

Rimrock Tunnel Rimrock Tunnel 
US12, WAUS12, WA

Groundwater Groundwater 
seepageseepage
RockfallRockfall
Ice SeepageIce Seepage
Ice MoundingIce Mounding



DamDam FoundationsFoundations

Swift Reservoir, Swift Reservoir, 
Lewis River,    Lewis River,    
SR503 WASR503 WA

PipingPiping
SeepageSeepage
FailureFailure



MinesMines

Utah Kennecott Utah Kennecott 
Copper Bingham PitCopper Bingham Pit

Groundwater Groundwater 
seepage through seepage through 
wallwall
Contaminated waterContaminated water
Unstable slopesUnstable slopes



RockslopesRockslopes

Ruby Creek Ruby Creek 
Rockslide, SR97, WARockslide, SR97, WA

Unstable SlopeUnstable Slope
Ice DevelopmentIce Development



HPHP--Value TechniqueValue Technique

Proven rockmass classification Proven rockmass classification 
semisemi--quantitative technique quantitative technique 
employed to evaluate development employed to evaluate development 
of groundwater in bedrock terrain.of groundwater in bedrock terrain.
Adapted to estimate groundwater Adapted to estimate groundwater 
seepage into excavations in seepage into excavations in 
bedrock.bedrock.



HPHP--Values Vs Values Vs 
Yield & Specific Capacity Yield & Specific Capacity 

Yield 
y = 786.94e-2.051x

R2 = 0.8322
R = -0.9122

Specific Capacity
y = 20.1005e-2.6655x

R2 = 0.8243
R = -0.9079
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HPHP--Value Value ⇒⇒ Six fracture Six fracture 
characteristics of the rock masscharacteristics of the rock mass

1.1. Rock quality Rock quality 
designation (RQD)designation (RQD)

2.2. Joint number (JJoint number (Jnn) ) 
3.3. Joint roughness (JJoint roughness (Jrr) ) 
4.4. Joint hydraulic Joint hydraulic 

conductivity (Jconductivity (Jkk) ) 
5.5. Joint aperture Joint aperture 

factor (Jfactor (Jafaf)  )  
6.6. Joint water factor Joint water factor 

(J(Jww))
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11stst Quotient of EquationQuotient of Equation

Rock quality Rock quality 
designation designation 
(RQD) (RQD) 
Joint number (JJoint number (Jnn) ) 

RQD
Jn











22ndnd Quotient of Equation: Quotient of Equation: 
Fluid Flow ResistanceFluid Flow Resistance

Joint roughness Joint roughness 
(J(Jrr) ) 
Joint hydraulic Joint hydraulic 
conductivity (Jconductivity (Jkk) ) 
Joint aperture Joint aperture 
factor (Jfactor (Jafaf))

Modified for Modified for 
Fractures Fractures ≤≤ 20mm20mm
Rating 1 Rating 1 –– 2.52.5
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Joint Water Joint Water 
Factor (JFactor (Jww))

Problems Collecting Problems Collecting 
SamplesSamples

Representative Representative 
SamplesSamples
CountingCounting DripsDrips
Horizontal DrainsHorizontal Drains



Joint Water Factor (JJoint Water Factor (Jww))

0.200.20>16>16High FlowHigh Flow

0.330.331.61.6≤≤1616Mod. FlowMod. Flow

0.500.500.160.16≤≤1.61.6Slight FlowSlight Flow

0.660.662x102x10--3 3 ≤≤
2x102x10--22

SeepingSeeping

0.760.762x102x10--3 3 ≤≤
2x102x10--22

>100>100DrippingDripping

0.860.862x102x10--4 4 ≤≤
2x102x10--33

1010≤≤100100DropsDrops

0.940.942x102x10--5 5 ≤≤
2x102x10--44

11≤≤1010DampDamp

11<2x10<2x10--55<1<1DryDry

RatingRatingGpmGpmDrops/MinDrops/MinDescriptionDescription



HPHP--Value vs. DischargeValue vs. Discharge

Discharge
y = 144.59e-2.0066x

R2 = 0.5917
R = -0.7692
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HPHP--Value vs. DischargeValue vs. Discharge

Discharge
y = 919.71e-2.3144x

R2 = 0.8607
R = -0.9277
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ConclusionsConclusions
HPHP--Value is a good tool Value is a good tool 
to predict the following to predict the following 
in bedrock:in bedrock:

Well YieldWell Yield
Specific CapacitySpecific Capacity
SeepageSeepage

Good tool to estimate Good tool to estimate 
seepage into seepage into 
construction sites.construction sites.
Always need more data Always need more data 
points!points!


